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The Energy Performance Gap?

Source: 2Degrees - CarbonBuzz
https://www.youtube.com/watch?v=Xtqb190DQy8
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TOPAs Objectives
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Challenges to be overcome

Continuous Performance Auditing
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TOPAs Approach

TOPAs is a platform of tools and
services that allows the coordinated
management of blocks of buildings. It
continuously performs energy audit
based on:

• SENSE: Device/System connection, 
data is abstracted from the 
environment

• LEARN: Big data analytics leveraging 
IoT technologies to transform data 
into actionable insights

• ACT: Transform analysis to actions

• OPERATE: Better utilize assets and 
manage blocks of buildings, create 
human value

TOPAs Cognitive Loop
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TOPAs  Core

	

	

LINC/RTU

Heterogenous	
Buildings	&	

Systems

oBMS/NIM

Data	
Processings,	
Storage	and	

Access

HMI

Common	Front	
End,	Data	

Visualisation	

TOPAs Core System - components across the TOPAs three-tiered architecture
(edge, platform, and enterprise). The primary focus being data-abstraction using
LINC (Connectors & Resources), RTU (secure host at the edge), oBMS (Watson IoT,
OpenAPI), NIM (meta-model) and HMI for data visualisation.
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Getting Building Data
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Getting Building Data
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• LINC Middleware

• Local storage of data for redundancy

• Auto restart if connection lost

• Mail alerts sent on errors

• Remote monitoring with Web tools

• Transparent management of 
communication links

• Secure RTU H/W
• Platform that integrates 

wired and wireless 
communication 
channels

https://www.topas-eeb.eu/
https://www.topas-eeb.eu/


This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 676760.

https://www.topas-eeb.euSustainable Places 2018, June 27th, 2018

Manage Data (oBMS)
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• OpenBMS platform

• IoT Watson for stream analytics

• Model storage

• Brick standard

• OpenAPI

• Scalable Cloud Infrastructure

https://www.topas-eeb.eu/
https://www.topas-eeb.eu/


This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 676760.

https://www.topas-eeb.euSustainable Places 2018, June 27th, 2018

Neighbourhood Information Model
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• NIM is „address book“ for distributed building information

• NIM has 48 methods at RESTful-interface on BlueMix
• swagger-API and documentation for better usability
• backend is AUTERASstore from TUD
• building and device properties 
• property-model is generic (model can be adapted for 

each user / building) – demo site data is very diverse
• links to oBMS via API IDs
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Common Front-end for Sustainable Energy Savings
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TOPAs  Add-On Services
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Modelling Occupancy

𝑛𝑧 𝑡 = 𝑛0 + 𝑓𝐻 𝐻𝑊 𝑡 + 𝑓𝑌 𝐷𝑌 𝑡 +

𝑓𝜗 𝜗𝑂𝐴 𝑡 + 𝑓𝜌 𝜌𝑂𝐴 𝑡 + 𝑓𝑠 𝑠𝑂𝐴(𝑡) + 𝜀𝑡

Cross-building learning of occupancy and behaviour
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Energy Consumption Prediction
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• White Box Models
• Dynamic simulation 

(Dymola/Modelica)

• Physical models

• RC-networks

• Characteristic curves

• Black Box Models
• Gaussian Process Regression

• Multi-Linear Regression

• Support Vector Regression

• Random Forests

• K-nearest Neighbors

Modelling Methods

Inputs Outputs

Black

White

Weather
Occupancy
Windows

…

th. energy
el. energy
Comfort

…

Parameters: 
Building physics, 

set points, …

https://www.topas-eeb.eu/
https://www.topas-eeb.eu/


This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 676760.

https://www.topas-eeb.euSustainable Places 2018, June 27th, 2018

Zone 1 Zone 2 Zone n

MPC 1 MPC 2 MPC n

Microgrid

MPC

…

…

Heat demand

d1

d2

d2

d3

d(n-1)

dn

Tz1

Tz2 Tz3

Tz2

Tn

Tz(n-1)

Tz1 d1 Tz2 d2 Tzn dn

Market price 
prediction

Heat demand predictions

Electricity demand predictions

Total heat capacity

Asset schedules Thermal and electrical loads
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Framework for Distributed Model Predictive Control
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Framework for Distributed Model Predictive Control

MPC1
u1

u2

x1

x2

MPC3 x3

u3

MPC2

Zone occupancy

Outdoor
Temperature

Thermal Comfort

Energy price

Indoor air quality

Control objectives

Measurements per zone: 
temperature, heating power, 
CO2 level, windows opening
Measurements for the room:
#occupants

Information exchange 
between zones : possibly, 
# occupants, heating 
power, windows opening

Windows 
opening

Maximum 
heating power

Constraints
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Decision Support Tools

Decision Support Tools are developed to ensure a reduction in the gap prediction

Monitoring sensors
IAQ calculation

Microbial assessment

Early faults detection and 
diagnosis

Support Tool for redesign of  automation systems

Front end to support site specific 
energy analysis
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Conclusions & Next Steps

• Biggest Challenges
– CONSISTANT RELIABLE DATA!!!

– Modelling is extremely challenging and time consuming

• From Data to Decision
– Providing insight to stakeholders for appropriate decisions (KPIs)

• Validation
– Real world validation and evaluation of energy savings
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